The electronic structure, band gap and density of states of (7,7) Armchair carbon nanotube by the full potential-linearized augmented plane wave (FP-LAPW) method in the framework density functional theory (DFT) with the generalized gradient approximation (GGA) were studied. The calculated band structure and density of state of Armchair (7,7) carbon nanotube were in good agreement with theoretical and experimental results.
Introduction
Since their accidental discovery by Sumio Iijima of NEC in 1991 [1] , carbon nanotubes have been of great interest both from a fundamental point of view and for future applications. Single Walled Nanotubes (SWNT) can be considered as long wrapped graphene sheets. nanotubes generally have a length to diameter ratio of about 1000 so they can be considered as nearly one-dimensional structures [2] . The most eye-catching features of these structures are their electronic, mechanical, optical and chemical characteristics, which open a way to future applications. Metallic CNTs have been suggested as an interconnect material due to their high current carrying capacity and mechanical stability [3] . Due to strong sp2 bonding (like graphite), carbon nanotubes can carry very high current densities [4] . Metallic single-walled have been shown to be able to carry extremely high current densities of the order of 109 A/cm 2 [5] . A graphene sheet is a semi-metallic material with a zero band gap. The electronic states of an infinitely long nanotube, constructed from this sheet, are continuous along the nanotube axis but are quantized along the circumference. For an (n,n) armchair tube, there always exist electronic states that cross the corner points of the first Brillouin zone and hence these nanotubes always show a metallic behaviour. For an (n,m) tube, if (n − m)/3 ≠ an integer, the electronic states miss the corner points, and these nanotubes are semiconductors with a band gap that scales with the diameter of the tube (d) as 1/d and is of the order of 0.5 eV. For an (n,m) tube with (n − m)/3 = an integer, on the other hand, certain electronic states land on the corner points, and these nanotubes would be semimetallic, but they become small-band semiconductors due to curvature-induced rehybridization [6] .
Since the discovery of carbon nanotubes, the fabrication of nanometer-scaled one-dimensional materials has attracted considerable interest due to their potential use in both nanotechnology and nano scale engineering. The stability and quasi-one dimensional nature of singlewalled carbon nanotubes (SWCNTs) make them unique systems from the experimental and theoretical points of view [7] [8] [9] [10] .
In this work we have carried out a first principles calculation on the electronic structure and density of state of CNT (7, 7) . Our results reveal that these structures have conducting behavior.
The Calculation Method
Calculation of the electronic band structure, local and total density of states of Armchair (7,7) Carbon nanotube, were carried out with a self-consistent scheme by solving the Kohn-Sham Equation using aFP-LAPW method in the framework of theDFT along with the GGA method by WIEN2k package [11] [12] [13] . In the FP-LAPW method, space is divided into two regions, a spherical "muffin-tin" around the nuclei in which radial solutions of Schrödinger Equation and their energy derivatives are used as basis functions, and an "interstitial" region between the muffin tins (MT) in which the basis set consists of plane waves. There is no pseudopotential approximation and core states are calculated self-consistently in the crystal potential. Also, core states are treated fully relativistically while valence and semi-core states are treated semirelativistically (i.e. ignoring the spin-orbit coupling). The cut-off energy, which defines the separation of the core and valance states, was chosen as -9 Ry. In this calculation the convergence parameter, Rkmax = 5.5 was chosen. The value of the parameter Rkmax controls the size of the basis sets in these calculations. the others parameters are: Gmax = 12 and RMT(C) = 1.3 a.u. The self-consistent process, for (7,7) Armchair carbon nanotube, after 11 cycles had convergence of about 0.00001 in the eigenvalues in which were produced. For partial waves in atomic spheres, maximum L value is 10 and for partial waves in non muffin-tin calculations, maximum value of L is 4.
Results

Electronic Structure
The calculated structure for a (7,7) Armchair nanotube are shown in Figure 1 . The structure of CNT (7,7) in this work is tetragonal unit cell and z-direction is chosen as tube axis (Figure 1) . The total number of k-point in the first Brillouin zone (BZ) is taken to be equal to 100 and 11,200 is the k-point set mesh. By optimization of the lattice constants respect to the total energy we found that 8 Å vacuum (nanotube separation) in the lateral directions would be enough to avoid artificial tube-tube interaction. Therefore, the calculations were done for the tube arranged in array as shown in 2 × 2 × 2 repeated of single nanotube (Figure 1). 
Band Structure
The calculated electronic structure of the CNT (7,7) carbon nanotoube in the high-symmetry directions in the Brillouin zone (BZ) is shown in Figure 2 . The Fermi energy level is set to zero. The energy scale is in eV and the origin of energy was arbitrarily set to be at the maximum valence band (zero of energy).
The energy band gaps obtaind from different SWCNTs are given in Table 1 . These values are compared with pre- vious studied. It is seen that our results agree favourablywith past results. The electron distribution in an energy spectrum is described by the density of states (DOS) and can be measured in photoemission experiments. The total DOS spectrum of Armchair (7,7) nanotube from −7 eV to 20 eV is shown in Figure 3 . The Fermi energy level is set to zero.
The electronic band structure and DOS show that a (7,7) nanotube is a metallic nanotube with zero band gap and the valence and conduction bands cross each other at the Fermi level which is in agreement with the previous results [15, 16] . The electronic band structure and DOS show that a (7,7) nanotube is metallic with zero band gap and the valence and conduction bands cross each other at the Fermi level.
To obtain a measure of the contribution of different atomic states in the band structure and also their possible hybridizations we made a detailed study of the local density of the states (Figure 4) . Our calculations show that the tube is in agreement with the previous reported results [15] [16] [17] .
Conclusion
The electronic properties of SWCNTs are strongly dependent on tube geometry. We have investigated the electronic band structure, local and total density of states of Armchair (7,7) Carbon nanotube using density functional theory as implemented in the code WIEN2k. These results predict that the nanotube have metallic behavior which confirms the prediction. In this work, our results are comparable with the values obtained with different experimental.
